SINCE the original report of Hunter,' cardiovascular disease has been recognized as an integral feature of the Hurler syndrome (gargoylism, lipochondrodystrophy). Hunter noted cardiomegaly and both systolic and diastolic murmurs in the older of two brothers with this syndrome who died at age 20 of "dropsy."2 Other publications3-5 have continued to record cardiac murmurs, cardiomegaly, and premature deaths secondary to cardiac disease. In several reports2' 5, 6 the murmurs were sufficiently striking to suggest congenital heart disease, particularly ventricular septal defect. Necropsies have not corroborated the presence of septal defects bu-t have stressed the frequency of valvular deformities,2' 4' 5 endocardial fibroelastosis,7 and narrowing of the coronary arteries.3' 5, 8 Emanuel,3 reviewing the literature of the Hurler syndrome in 1954, found 32 necropsies, 22 of which had evidence of cardiovascular disease.
It is surprising that only four general re-views of the cardiovascular involvement in the Hurler syndrome have appeared.3-6 Even in these reviews, detailed clinical descriptions of the cardiovascular system are lacking, and hemodynamic data are unavailable. The present study consisting of cardiac catheterization and angiocardiographic studies in 15 children with the Hurler syndrome was undertaken to obtain hemodynamic observations that could be correlated with the cardiovascular manifestations of this entity. Methods All the patients had classical clinical and radiologic manifestations of the Hurler syndrome.
Elevated urinary acid mucopolysaccharide excretion was demonstrated indirectly by the acid albumin turbidity screening technic,9 and directly by isolation of crude mucopolysaccharide by the modified technique of Dorfman and Lorincz.10 All patients had positive screening tests. Crude mucopolysaccharide excretion ranged from 35 to 520 mg./L. (normal less than 10 mg./L.). Basic information concerning these patients is listed in table 1. Eleven of the 15 patients were male. One was of the Negro race (case 11), the remainder Caucasian. The patients ranged in age from 5 months to 12 years.
Most of these patients were mentally retarded and uncooperative. A heavier than usual amount of sedation was necessary to achieve reliable studies. In two cases meperidine and a barbiturate were employed; in one, morphine and a barbiturate; in the remainder, a mixture of meperidine (2-3 mg./Kg.), promethazine (0.5-Circulation, Volume XXXI, January 1965 0.8 mg./Kg.), anid chlorpromazine (0.5-0.8 mg./ Kg.) was given intramtuscularly approximately one-half houir prior to catheterization. In spite of these relatively high dosages, most of the patients remained relatively alert during the procedulre.
Pressuires xvere measured by Statham gauiges and r-ecorded oni uiltraviolet-senisitive paper in a Minineapolis-Holnevwel-l 1108 Visicorder. Gauges xvere located at mid-chest level and calibrated against a mercury manometer. Values for pr-esstures listed in the tables were obtained during periods of rest or drowsiness and measured dlurin-g expiration.
The left ventricle was eniter-ed in seveni instances by the retrogr-ade approach from the right brachial arteryv and in four iuistanres by the transseptal technic.
Oxygen satLurations wxere recor-ded xvith a Waters XC-50 cuvette oximeter and an Ensco amplifier. In all except one case, the eclvette oximeter vas calibrated bv simtultaneous measuiremenits of galvanometerdeflections and 13eckmann spectrophotometric or Van Slyke-Neill analvsis of at least two samples of blood.
Lack of cooperation precluded the uise of the direct Fick method for determining cardiac ouitput in all except case 15. Arterial indicator-dilutionctirves, xvith indocyanine green, xvere recoirded in 10 of the subjects. Calculations of cardiac ouitpuits followed the usual Stexvart-Hamiltoni procedure.
Angiocardiographic studies were performed by the injection of contrast media at a pressure of 700 pounds per square inch wvith a Cordis angiograph syringe. Filming was by either 16 mm. eine film at 60 fps or a biplane roll-filmn changer at 6 fps. 6 Age n Yeors 
Results
The presence of abnormal shtunts, especially a left-to-right shtunt through a ventricular septal defect, was looked for by a variety of techniques. In no instance vas such a shunt detected by either oximetry, indicator-dilution techniques, (incluiding fotur double-catheter studies) or left ventricular angiocardiography. None of the seven patients with low arterial oxygen saturations (less than 94 per cent), had right-to-left shunts by indicatordilution techniques, thuis suggesting that the arterial desatuiration was secondary to respiratory depression or pulmonary disease.
Pressures obtained during the catheterizations are summarized in table 1. A striking incidence of systemic pressure elevation was noted ( fig. 1 ). Only six (cases 1, 2, 4, 6, 14, and 15) fall within normal limits.11 Generally good agreement with auscultatory blood pressures, obtained without sedation, was found.
With the exception of case 15, every instance of elevation of right heart pressures xas accompanied by systemic hypertension. O-- a . diastolic pressures were elevated, and four of the right ventricular end-diastolic pressures were abnormally high. One patient (no. 11) had a right ventricular end-diastolic pressure of 15, reflecting his clinically evident congestive heart failure. One unexpected finding was an unusual notch on the rising limb of the right ventricular pressure curves. Six of the subjects exhibited this wave form. In no instance was this seen in the left ventricular tracings ( fig. 2 ).
Cardiac indices (liters/minute/square meter) were within normal limits except for four instances. Cases 6, 13, and 14 had cardiac Based on these values, three subjects had higher and two others lower than normal values. Estimates of systemic, total pulmonary, and pulmonary arteriolar resistances were above the usually accepted normal Calculated resistances of subjects with the Hurler syndrome. They were elevated except in the two oldest children. 4 ).
The first derivatives of ventricular pressuire tracings (dp/dt) were calculated in 12 cases from oscillographic tracings run at a paper speed of 200 mm. per second (table 2). Six of the nine satisfactory left ventricular first derivatives xvere lover than those obtainecd from a group of pediatric patients with funetional muirmuirs. Seven of the 10 right ventricular first derivatives were elevated; in six of the seven, this correlated with an elevated right ventricular systolic pressture. Unfortuiniately, this "contractility rate"' is available on too few normal subjects to justify rigid criteria of normality based on 1)oth rate and the Since elevations of either of thfese elevate the rate of contractility, a determination of the normality of this criterion in outr cases with the Hujrler syndrome muist axxait a more extensive collection of normal data. Otur tentative coneluision is that the contractility rate of the left ventricle is lowered in the Hurler syndrome.
A total of 25 angiocardiograms we\vre performed in 11 patients (table 3). In 10 of these patients significant left-to-right slhuints wxere excluided by these stuidies. Six cases had selective left ventricular angiocardiography and only one (case 4) demonstrated any mitral insuifficiency ( fig. 5 ).
Moderate aortic iisuifficiency wvas nioted in cases 10 and 12 and minimal puilmonary instufficiency in case 6. Case 11, in wvhich the right ventricuilar pressure wzas 39/8, demonstrated a moderately enlarged putlmonoary artery, and a decrease in the ntlmler and size of peripheral arterial vessels.
Six stuidies included visualizationi of the coronary arterial system. No inlstanlces of plaque formation, narrowing or blockage were seen. 
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Discussion
Keith, Rowe, and Vlad4 noted that sudden death and congestive heart failure accounted for approximately one half of the stated causes of death in 39 reported cases. Table 4 lists 75 cases that we have found in the literature.1, 3, 5, 6-8, 13-46 Table 5 tabulates the pathologic findings of 58 necropsies in the literature3' 5-8, 13-17, 19, 20, 22-29,31-46 plus four previously unreported cases from this institution. Mitral valvular involvement was noted in 39 of these combined reports, the tricuspid and the aortic valves were involved in 19 and 16 cases respectively, while the pulmonic valve was involved in eight cases. Thus the mitral valve seems to be the most frequently damaged while the tricuspid and the aortic valve are involved in about the same incidence, and the pulmonary valve only infrequently.
The valvular abnormalities in most cases have consisted of small nodules along the free margins of the valve edge. These were accompanied in some cases by shortening and thickening of the chordae tendineae. Although in most instances it would appear that valvular insufficiency was the predominant hemodynamic lesion, mitral stenosis has also been reported.46 In this series of 15 cases, only one child (case 10) had definite clinical and laboratory evidence of valvular insufficiency and in whom angiocardiography demonstrated moderate aortic insufficiency. One other child (case 4) had mitral insufficiency demonstrated by left ventricular angiocardiography, but it was not evident clinically. The paucity of significant valvular alterations in our series may be explained by the fact that the literature has concentrated on necropsy studies that represent the end stages of the disease process. Narrowing of the coronary arteries was found in 20 of 58 necropsied cases of the Hurler syndrome (table 5) . Dramatic photographs of coronary artery narrowing2 and the one reported case8 in which there was a clinical history suggestive of angina and coronary occlusion in a 4-year-old child suggest that individuals with Hurler's syndrome may have significant coronary artery disease early in life.
None of the patients in the group reported here had any clinical or electrocardiographic evidence of coronary insufficiency. Their retarded mental development, however, generally prohibited adequate communication. Coronary angiocardiography was satisfactory in six of these 15 cases; in none was there evidence of coronary artery involvement.
A brachiocephalic artery was found in two of the cases (no. 11 and 14) . In this anomaly, the innominate and the left common carotid arteries arise from a single trunk. This has been reported in about 15 to 20 per cent of normal individuals,47 and thus may have no particular significance in this clinical entity.
Endocardial fibroelastosis has been reported in 11 of the necropsied cases reviewed; myocarditis was reported in an additional eight; and epicardial thickening, in two cases.
The presence of endocardial fibroelastosis or an infiltrative myopathy might well cause an impairment on the contractility of the ventricular myocardium. In spite of normal cardiac indices, the rate of pressure rise (dp/dt) developed by the left ventricle appears to be lower than normal in six instances.
Only case 11 was in obvious congestive heart failure at the time of cardiac catheterization. A normal cardiac output was present as well as a normal arterial-venous oxygen difference in the majority of our cases, even in the presence of relatively high doses of premedication.
Clinical evidence of endocardial fibroelastosis or of epicardial involvement, although reported,7 was not evident in this series. The diffuse infiltrative myopathy associated with the Hurler syndrome may have manifested itself in our catheterization data by influencing the ventricular pressure curves. As shown in figure 2 , the right ventricular pressure curve was frequently notched on the upstroke and may be another manifestation of altered contractility. The authors do not intend to suggest that these abnormal right ventricular pressure contours are specific for this disease. Even more distortion of right ventricular pressure curves has been reported in endomyocardial fibrosis found in Africa. 48 The only cardiac catheterization data pub-lished to date in this entity consist of a footnote in Emanuel's excellent report3 of two brothers with cardiovascular disease. The surviving brother was noted to have a pulmonary artery pressure of 88/50 with a mean of 61 mm. Hg. As a group the mean pulmonary artery pressures in this series were elevated. The total pulmonary vascular resistance and the total pulmonary arteriolar resistance are both elevated, documenting an increase in resistance at the arteriolar level. The pulmonary artery pressure may also eventually be raised by a higher than normal left atrial pressure, secondary to mitral valve disease or to a decreased compliance of the left ventricle.
The presence of aortic plaques in 15 of the 58 necropsied cases reviewed by the authorsand generalized arterial involvement in five other cases-may be correlated with the reported values of systemic blood pressure. In most cases, neither a systemic blood pressure nor the auscultatory findings of the heart are recorded. Figure 6 illustrates the few available blood pressure determinations in the literature;3 5,13,21, 23, 29,34, 40, 42, 43, 45 49-54 32 per cent of blood pressures were abnormally elevated. In our series the incidence of systemic hypertension was impressive. Peripheral vasoconstriction causing cyanosis of the hands and feet was a not infrequent finding. None Systemic arterial blood pressures reported in the literature.3, s, 13, 21, 2s, 29, 34, 40, 42, 45, 49-54 Of these 22 pressures, seven are elevated above the usually accepted normal limits.
Circulation, Volume XXXI, January 1965 of our cases had a demonstrable right-to-left intracardiac shunt. Thus, the cyanosis may be secondary to an increase in peripheral vasoconstrictor tone or to peripheral vascular disease per se (table 2).
In our two oldest patients (cases 14 and 15) systemic and pulmonary hypertension was not present. This suggests that longevity in the Hurler syndrome is correlated with total pulmonary and peripheral arterial resistance. Thus, in those individuals whose resistances remain normal, one might expect a greater longevity than in those whose resistances are elevated early in life.
Longevity also seems correlated with the sex of the individual. In our own review, the median age of death (which included 49 male and 27 female patients) was 6 years in females and 7 years in males ( fig. 7) . Further, no girl is reported to have survived after the age of II,* but 13 of the 49 male subjects lived past this age. These latter cases were either proven or probable examples of the sex-linked variety of inheritance.
*One woman, reported as having the Hurler syndrome, died at age 37. 55 We think that a more likely diagnosis was gonadal dysgenesis, particularly since the gonads could not be identified at necropsy and there was no ballooning of nerve cells. We have not included this case in figure 7 .
Circulation, Volume XXXI, January 1965 A greater incidence of male subjects in this disease was found in our series (12 of 15) and has been previously noted in other reviews.2' 29 56 Only three of our patients were definitely of the sex-linked variety; their exclusion still leaves an unexplained 3 to 1 male to female ratio. Whether the excess male frequency is due to unrecognized sex-linked cases or to as yet unknown factors has not been definitely established.
Congenital heart disease suspected because of the presence of loud systolic murmurs in four of the 16 of Lindsey's cases,5' 29 and three of the 20 cases reported by Mc-Kusick,2 has not been documented by laboratory or necropsy data. Our catheterization data are characterized by the complete lack of evidence pointing to any congenital malformation of the heart.
It might be added that these diagnostic studies were performed without the occurrence of significant arrhythmias, major complications, or deaths. Cardiac catheterization and angiocardiography in these individuals probably carry no more than the usual risks.
Summary
Hemodynamic observations in 15 cases of the Hunter-Hurler syndrome are reported. Required premedication was two to three times that usually needed. No major complications or deaths occurred. As a group, these individuals tend to have slight elevations of pulmonary artery pressures and more definite elevations of systemic arterial pressures. They generally have normal cardiac outputs and, thus, elevations of total systemic, total pulmonary, and pulmonary arteriolar resistances. In only one case was there clinical and angiocardiographic evidence of valvular involvement, that case having aortic insufficiency. In another case there was only angiocardiographic evidence of mitral insufficiency. Only one child was in congestive heart failure at the time of the study. There was no evidence of coronary artery disease. The ascending limb right ventricular pressure curve was frequently notched and the pressure rise time of the left ventricle (dp/dt) was-low. No case had a congenital malformation of the heart.
Those individuals who have normal vascular bed resistances appear to live longer than those who have elevated resistances early in life. The prognosis is also better for the male Hurler of the sex-linked variety than for those cases due to autosomal recessive inheritance.
Treatment of Angina Pectoris
Excision of the cervico-thoracic sympathetic containing the sensory nerves of the heart and aorta as a means of relieving the pain of angina was suggested in 1899 by Francois-Franck, the physiologist, but not put into practice until 1916 by Jonnesco of Bucarest. The treatment by amyl nitrite was initiated in 1867 by Lauder Brunton (1844-1916), when a house physician, on the grounds that he found the blood pressure high in an attack and, having heard from Arthur Gamgee that amyl nitrite lowered the blood pressure, logically and successfully employed this drug.-SIR HUMPHRY DAVY ROLLESTON. The Harveian Oration. Great Britain, Cambridge University Press, 1928, p. 91. Circulation, Volume XXXI, January 1965
